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AB^STRACT 

Surveys to determine the quality oif the nearshore waters of Lake 
Huro'ii and Georgian B^ay were coinducted by the Ontario Ministry of the 
Environment in 1974. Included in this work was the study of the concentrations of 
sanitary indicator bacteria (total coiiform:S, fecal colifornns and fecal streptococci) 
Pseudomonas aeruginosa and aerobic heterotrophic bacteria. 

The water quality of most of the area surveyed was good with 
bacterial levels similar to those of offshore waters. Exceptions were found in 
certain embaymient and/or harbour areas adjacent to or downstream from centres 
of hyma,n habitation. Few of these areas had bacterial levels exceeding present 
I.J.C, or IM.O,.E. criteria though definite degradation of water quality was 
indicated* In most instances the degradation appeared to be the result of 
improperly treated municipal waste, e.g. Blind River, 'Owen Sound and Goderich,, 
though industrial pollutants miay be having an affect on water quality in at least 
two' locations and recreational activity on the water quality of another. 

Recommiendationa stemmiing from these studies included the need for 
development of new bacterial water quality standards for the nearshore waters, the 
use of more intensive localized surveys tO' study specific problem areas and the use 
of sulfur-cycle bacteria to establish the effect of certain industrial effluents. 



INTRODUCTION 

Surveys of the Ontario' nearshore area of Lake Huron (Fig. t) were 
conducted in 1974 with som:e additional work in 1975. The surveys were part oi 
continuing Ontario Ministry of the Environment programs to monitor Great Lakes 
water quality and were developed to provide an input to the International Joint 
Commission Upper Great Lakes Study. They were designed to identify existing or 
developing problem areas and establish baseline levels against which future 
improvement or deterioration could be measured. 

The overall survey area is divided into three geographically distinct 
regions. These are? the North Channel (Fig. 2A)j, extending from St. Joseph Island 
to Little Current; Georgian Bay (Fig. 2'B'), reaching from Littie Current to 
Toberinory and also including the Penetanguishene-Waybaushene Bay (Fig. 2C); and 
Lake Huron (Fig. 2D), stretching along the southeastern shore from Tobermory to 
Sarnla, 

The North Channel is enclosed by the mainland on the north, St, 
Joseph Island on the west and Manitouiin Island along the south. The channel 
receives waters from Lake George, St. Mary's Riverj The Mississaugi, Serpent and 
Spanish Rivers. The main urban centres along the channel are: Thessalonj Blind 
River and Little Current. 

Georgian Bay is an oval shaped bay stretching in a southeasterly 
direction with miany small inlets and bays along the shores. There are a large 
number of rivers flowing into the bay; the main ones being the French River and 
the Severn-Trent Canal System. The miajor towns along the eastern shore are Biritt,. 
at the mouth of the Magnetawan River and Parry Sound in Parry Sound Harbour 
(Fig. 2E). In the Penetanguishene-Waubaushene area, the densest populations are 
Victoria Harbour, Waubaushene,, Port \4cNicoli, Midland and Penetanguishene. 
Along the southern and western shores, the m,ajor urban centres are Wasaga Beach, 
Collingwood, Thornbury, Meaford, Owen Sound and Wiarton. There are several 
provincial and national parks along the shores. In Tobermory, at the tip of Bruce 
Peninsula, there are operational ferry docks. 
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FIGURE i - LOCATION OF THE SURVEY AREA IN THE GREAT LAKES 
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FIGURE 2,A - 1974 NORTH CHANNEL SAMPLING PO'tNTS 
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FIGURE 2B - 1974 GEORGIAN BAY SAMPLING POINTS 
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The surveys co^nducted in Lake Huron ram along the eastern shores to 
the lake's most southern tip at Sarnia. The m.ajor urban developments along the 
shores are Southampton,, Port Elgin, Kincardine, Godench, Point Edward and 
Sarnia. At Douglas Point (Fig. 2F)j, there is a nuclear generating plant. 



METHODS 

Field Procedures : 

Bacteriological samples were taken at 28 stations in the North 

.Channel, 92 stations in Georgian Bay and 6,2 stations in Lake Huron (Figs. 2A-F). 

The North Channel was monitored with single samples from June 23 
to, 3une 2 5, 197^. A second three-day survey was conducted from 3uly 1^ to 3uly 
23, 197'^. A, final survey of the channel consisting ol only single samplings was 
performed fromi October 28 to Novernber 6,, 197^. 

O'ne survey of the entire area of Georgian Bay was conducted in a 
three-day series from SJ\.ay 22 to ,3une 23, 197^. A second complete survey ran from 
August 2 to September 10, 1974 with triplicate samplings. A third survey began at 
Little Current on Novemiber 11 in a one-day series and was completed at Parry 
Sound. Six additional stations were m,onitored in Parry Sound Harbour for three 
consecutive days, ending on November 27, 1974. 

A monitoring of the Lake Huron stations between Sarnia and 
Tobermory took place from May 9 to May 21, 1974-. A second single sampling of 
the stations from Sarnia to Goderich began on October 3 and ended on October 10, 
1974. 

The statio'ns that were monitored were chO'Sen along the shoreline 
with particular bias towards sources ol Input (STP, rivers, etc.). Surface and depth 
samiples were collected at each station. Surface samples were collected at 
approximately 1.5 meters below the surface of the lake in sterile 6 ounce glass 
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bottles. All depth samples were taken, at the mid^hypoiimniori, except during the 
spring survey when a few stations between Tobermory and Wiarton were also^ 
sampled at two meters off bottom. The depth samples were collected in sterile 237 
ml evacuated rubber syringes. The samples were imimediately put on ice and 
transported to the laboratory. 

The North Channel samples were analyzed in the mjobiie laboratory 
Which was stationed in Sault Ste, Marie. The Georgian Bay samples were analyzed 
in the mobile laboratory which was located in Barrie for the first week of the May= 
3une survey and in Penetanguishene for the remainder of this survey and for all of 
the August-September survey. All the November survey samples were transported 
to the Toronto M.O.E. laboratory. Lake Huron samples were taken to the 
southwestern regional M.O'..E. laboratory in London for analyses. 

Lab Procedures : 

All samples were analyzed for total coLiform (TO, fecal coliform 
(FC) and fecal streptococcus (FS). Analyses for these parameters were performied 
within twenty-lour hours of sampling and counts were recorded as number of 

organisms per 100 mi- 
Membrane filtration methods were performed according to Standard 
Methods (13th edition) ^^\ using M-Endo Agar LES (Difco) for TC, MacConkey 
Membrane Broth (Oxoid) for FC and fv!-enterococcus Agar (Difco) for FS, 

In addition, a determination of the heterotrophic bacterial population 
(HB) was performed within twelve hours of sampling. Analysis was done on a 
modified Foot and Taylor Agar (Appendix I) using the spot plate technique. 
Incubation was for seven days at 20^C and counts were recorded as number of 
organisms per 1 ml. This parameter was used in the first survey of each area, the 
second. North Channel survey and the 1975 Lake Huron survey. 
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Pseudomonas aeruginosa was used as a survey parameter for the first 
19'74 survey of the North Chainnel and Georgian Bay and for the 1975 Lake Huron 
survey. The method used was the membrane filtration procedure of Levin and 
Cabelli (mPA). The incubation was at 41.5°C for 48 hours (2). 

Statistical Methods : 

Fluctuation in bacterial concentrations due to changing environme'n- 
tal conditions require that a great number of samples be taken to arrive at a rneao' 
value which is representative of a specific sample location or sampling area. The 
moiSt appropriate mean for bacterial levels and this type of data is the geometric 
mean (GM). The large amounts of data generated fromi these surveys require that 
statistical methods be utilized to sumimarize the results concisely and to facilitate 
an unbiased interpretation. 

Once the station group statistics had been obtained, an analyses of 
viriance programi (ANOVA) was used to group the stations into areas within the 
samie statistical bacterial level. The ANOVA analyses were first performed on all 
survey stations. If the calculated F-ratio v/as less than the critical F-ratio (0.05 
level), the stations were considered statistically the samie and were sum-miarized as 
a group with one set of overall group statistics. At the same time as the ANOVA 
analyses were performed,, the homogeneity of the variance was also checked using 
B^artlett's X test of homogeneity. If either the h or Xr values were significant, 
then stations were withdrawn until both were non-significant,. The statistics were 
then repeated on the withdrawn stations until all stations had been properly 
grouped. The Student-t test (using GM' and SE) was used to compiare overlapping 
hO'mogenous areas between each of the surveys. 
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Criteria ; 

The criteria considered permissible for public surface water supplies 

when full treatment is supplied for the three sanitary indic'ator bacteria: total 
conform, fecal coliform,, fecal streptoicoiccus and for heterotrophic bacteria are a 
maximum geometric mean of 5,00i0,, 5Q0i, 50 and 100,,00i0 per IQiQ mil respectively. 
The maximum permissible levels for private water supplies requiring chlorination 
only are lOOj 10,. 1 and l,OOiO per 100 ml respectively, while that for waters 
requiring chlorination and filtratio'n are 400,, 40, 4 and 4,000 per 100 ml. 

The Recreational Use criteria states that: "Where ingestion is 
probable,, recreational waters can be considered lm!pa,1red when the coliform:,, fecal 
coliform:,, and/or enterocococcus geometric mean density exceeds 1,,'000, 100 and/or 
20 per 100 ml respectively ...", The geometric mean of the FS results is mainly 
used in a ratio with the corresponding FC geometric mean (FC/FS) to gain 
information on the ■source (human or non-humion) of pollution within ,areas ,adjacent 
to or at input. If this ratio is greater than 4.O., the source of bacterial 
contamination is likely of hyman origin. If the ratio is less than 0.7 then the source 
is mo'St likely non-human (3)., It should be noted that this ratio is used to determine 
the source of pollution and not the safety of the water as animals are a potential 
source of organisms pathogBnic to humans* 

RESULTS AND DISUCCION 

North Channel 

In 1974, three surveys were conducted in June,, July and October to 
determiine the water quality of the North Channel. However,, since only one piece 
of data was obtained for each station during the June and October surveys, the 
results were no't statistically analyzed and thus the groups calculated for July were 

arbitrarily chosen as representative. 
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In June (Fig. 3), the North Channel, apart from the Blind and Spanish 
River areas, had TC, FC and FS levels from 1-2/100' mi. The Blind River area 
(Group B) had 21 TC, ^ FC and 2 FS/lQiO mi, while the Spanish River area (GrO'Up D 
and Station ^^2) had 16-95 TC, 2-6 FC and 1 FS/iO'O ml. Blind River (Stn. 53, 32 and 
20) was the O'nly area where P,aer,. was isolated (3/100' ml). 

The HB' concentrations generally ranged fromi 1,000- 1,600/ml for 
miost of the channel, except for St. Joseph Island (,Stn, 38), where the St, Miary's 
River flows in and the m,ouith of the Spanish River ('Group D, Stn, ^2). These 
sections had densities from ^,580 to 5,980 HB/ml, 

In 3uly (Fig. ^)^ water qyality remained good throughout m.ost of the 
area with only a small increase in FS occurring. T'C, FC and FS levels ranged from, 
1-9, 1-10 and 1-3/100 ml respectively. However, at Blind River '('Group B^ 60 TC, 
10 '¥Cj 3 FS/lOO ml) and the mouth ol the Spanish River (Group D: 21^6 TC/lOO mi 
and Stn. t^li 2^f6 TC, 8 FC and 29 FS/lOO mi) further degradation of water q'uality 
was noted, T'C levels had also shown a small increase (9/100 ml) at the inflow of 
the St. Mary's River (Stn. 38).. 

Heterotrophic bacterial conceotrations demionstrated a simjlar 
pattern to that of June though levels were lower (230/mi) except at the mouth of 
the Spanish River (Stn. #2: 1,100 to 7,500/ml). 

In O'Ctober to November (Fig. 5),, bacteriological water quality 
remained good over most of the area (1-3 TC, 1 FC and 1 FS/lOO ml). At the 
mouth of the Spanish River (Stn. ^2), the water quality continued to deteriorate 
and sanitary bacterial levels exceeded M..O',E. Criteria (1,100 TC, 110 FC, ^^■ 
FS/lOO ml). 

Only part of the area was surveyed for HB, but concentrations 
appeared to increase between Blind River and the Spanish River mouth. 
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FIGURE 3 - JUNE 1974 NORTH CHANNEL SURVEY 
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FIGURE 4 - JULY 1974 NORTH CHANNiL SURVEY 
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FIGURE 5 - OCTOBER-NOVEMBER 1974 NORTH CHANNEL SURVEY 



The background HBi levels during the 3une survey oi the North 
Channel tendedl tO' be higher than in the remiainder of the nearshore area surveyed. 
This rriiay be related tO' the relatively smaller size of the North Channel and 
nutrient inputs from sources such as the St, M,ary's River and the Spanish River. 

The elevated bacterial densities at Blind River (June and July) and 
the mouth of the Spanish River (Juncj 3ulv and October- November) were probably 
due to improperly treated municipal wastes and general urban runoff. In the case 
of the Spanish River, this is combined with pulp and. paper mill wastes which enter 
upstream. 

The M,ay 1975 surveys of the mouths of the Serpent and Spanish 
Rivers (^) indicated similar water quality to that found in 197^. The Serpent River 
area has very low TC, FC and FS concentrations and P. aer. was not isolated. The 
Spanish River area however had TC and FC densities approaching M.O.E. criteria 
and P. aer. was isolated from alm^ost ail sampling locations. Both areas had high 
populations of sulphur oxidizing bacteria. The Serpent River, which drains a 
mining area, had levels from 65O1OO' to 24,000^ per lO'O ml and the Spanish River,, 
which receives pulp and paper mill wastes, had levels from iO'jO'OO to '^51,0100' per lO'O' 
mi. The proportion of these sulphur oxidizer concentrations that are due tO' 
reduced sulphur compounds being introduced from the Serpent and Spanish Rivers 
and what propC'/tion is due to natural iimnological conditions in this area is not 
possible to determine without a study of this phenomenon over the entire channel, 

&eorg_ian Bay 

The survey conducted in Georgian Bay through May and June (Fig. 6 
and 7) generally indicated waters of good quality (1-6 TC, 1-2 FC, 1-2 FS/iOO: mi.) 
with elevated levels at areas located near urban centres and/or sewage treatment 
plants. 
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FIGURE 6 - MAY- JUNE 1974 GEORGIAN BAY SURVEY 




FIGURE 7 - MAY- JUNE J 974 PENETANG-WAUBAUSHENE SURVEY 
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The waters near Britt (Stn. 381), at the mouth of the M,agnetawan 
River had elevated densities for TC and FC ol' 4^0 and 167lOiO ml respectively. The 
surface waters in Parry Sound Harbour (67-S and 68-S) had TC and FC levels of 258 
and 30il00 ml. Owen Sound Harbour (17-016, 17-017, 17=0'1SD) had elevated TC 
and FC levels of 85 and 66/10'0 ml respectively and the surface waters in one 
location (Stn. 17-0185) had an FC level of 312/100 ml, which exceeded the W.O.E. 
criteria for recreational use,. In each of the above areas, the FC/FS ratio exceeded 
'^.0, thus indicating possible human fecal contamination. P. aer. was only isolated 
in O'wen Sound (Group E: 2/100 ml) and Parry Sound (Stn. 67j 1/100 mf), the areas 
which had the highest FC concentrations in June, 

In addition, the CoUingwood Harbour waters (17-019, 17-020, 17-021) 
had TC densities ol Sf+ilQO ml. Isolated areas in Penetanguishene Bay (353, 371), 
Midland Bay (35S) and Hog Bay (372) had elevated TC levels (#1-393/100 ml) and 
the surface waters just outside the Penetanguishene- Waubaushenie area (56-5) had 
slightly elevated FC levels (7/100' ml).. Waters in three locations along the 
northwestern shore (Stn, 76-S, 72-S and 69-D) and two locations along the 
southwestern shore (Stn, S-D and 1-D) had slightly elevated FS levels (4/100 ml). 

The area between Wiarton and Parry Sound was the only one for 
which HB' counts were obtained during the May-June survey (Fig, 8, 9), The HB. 
concentration for most of the Georgian Bay nearshore area fluctuated between 1 
and iS2/mi and for the Penetanguishene-W'aubaushene area were at 'i-82/mi. Owen 
Sound Harbour (17-016, 17-017, 17-018) had HB levels that exceeded the M.O.E. 
criteria for public and private water supplies with 4,020/ml and as did the waters 
near the Midland Bay STP, where levels were recorded at 2,850/mL 

The second survey (Fig, 10 and 11) conducted through August and 
September, showed little difference from the first survey in the overall water 
quality. Although a consistency in the grouping of areas with elevated bacterial 
concentrations was evident, the levels in these areas increased significantly O'ver 
the levels of the previous survey. 
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FIGURE 8 - MAY- JUNE 1974 GEORGIAN BAY SURVEY 




FIGURE 9 - MAY- JUNE 1974 PENETANG-WAUBAUSHENE SURVEY 




IFIGUIRE 10' - AUGUST-SEPTEWiBiER 1974 GiEORG I AN BAY SURVEY 




FIGURE M - AUOUST-SEPTEMBER 1974 PENETAN©-WAUBAUSHENE SURVEY 
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An unusual situatiO'n arose along the eastern shores of Nottawasaga 
Bay where the TC concentrations varied between the surface and depth waters with 
10 TC/lOO ml fo'r the surface waters and 164 TC/IO'O ml for the depth waters. The 
Penetangulshene-Waubaushene Bay and the area stretching north O'f this bay to 
Parry Sound also had TC concentrations of 16'^/ 100' ml, a significant increase over 
the previous survey levels (3/100 ml and 6/100 mi). Surface waters in Parry Sound 
Harbour (67-S and 6S-S) had TC levels of 625/100 mil. In the Owen Sound area (17- 
016, 17-017, 17-020, 17-021) FC levels were 29/100 mi. This area also had high TC 
concentrationSj however, an exact figure indicating the levels was not avaiiabie 
because the bacteriological plates were overgrown. In Collingwood Harbour, the 
high FS levels in relation to the FC concentratioins indicated a non-human source of 
contamination. 

Data for heterotrophic bacterial levels (Fig. 12) was not available for 
stations between and including Tobermory and Collingw^ood. The rest of Georgian 
Bay, where data was obtained, had levels well below VI.O'.E. criteria for surface 
water supplies with full treatment (250i HB/m,i). 

D'uring the NO'vem:ber survey, adequate data for statistical analysis 
was collected only in Parry Sound Harbour. The levels for TC, FC and FS were 2 IS, 
5'^ and 7/100 ml respectively. The ratio of FC to FS levels indicate the source of 
contamination to be hum,an. Waters at Station "G" exceeded the '\^.O.E. criteria 
for recreational use with 211 FC/lOO ml. The waters at the mO'Uth of the harbour 
(64, 65, 66j 69) had significantiy lower levels for each of the parameters (Fig. 13). 
Although the data collected for the area stretching from Little Current to the 
mO'Uth of Parry Sound Harbour was not adequate for statistical analysis, the 
individual levels were within the ranges of the levels from the two previous surveys 
(Fig. 14). 
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As in the North Channeij higher bacterial densities are associated 
with areas of hum,an population concentrations and are probably due to 
insufficiently treated municipal wastes po^ssibly in combination with general urban 
runoff. 

Significant increases in TC levels between the first and second 
surveys in the Penetanguishene-Waubaushene area and the area from Collingwood 
to Parry Sound may be due to the major increase in population and recreational 
activities in these areas during the summier period. 

The reason(s) for the difference in TC concentrations between 
surface and depth waters along the eastern shores of Nottawasaga Bay during the 
second survey could not be determined. There appeared to be no significant 
difference in temperature which would seem to rule out thermal stratification. 

Lake Huron : 

The Lake Huron nearshore surveys consisted of only a sample 
monitoring run, therefore,, sufficient data was not available for statistical analysis. 
The bacteriological groups presented are based primarily on the survey plan. Areas 
which appeared to have generally higher bacterial levels were included as separate 
groups. 

During the M.ay survey (Fig. 15), the bacteriological water quality 
was generaliy good (1-6 TC, 1 FC & 1-2 FS/lOO' m,l) with higher concentrations in 
the vicinity of the Southampton-Port Elgin area (Group H- #i TC & 2 FC/lOO ml 
and Stn. 15-O0'5^ 2,^00' TC, m FC and 12 FS/IO'O ml), Goderich (Group E: 2^ TC, 2 
FC & 2 FS/10'0 ml and Group D: 69 TC, 66 FC & 72 FS/lOO' ml), Bayfield (Stn. 62i 
68 TC 6c 3 FC/lOO' ml) Grand Bend (Group B: 1* TC Sc 2 FS/lOO ml). Water quality 
appeared to be particularly effected in the first two areas. 
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Heterotrophic bacterial ieveis were elevated in the sarne areas as the 
Sanitary Indicator Bacteria. They were also' somewhat above background levels in 
the oearshore waters between Goderich and Grand Bend. 

The October survey (Fig. 16) oi the southern portion ol Lake Huron 
again indicated good water quality over nrnost of the area {5-1^ TC, i-3 FC •& i-2 
FS/lOO' ml). The waters aroynd Goderich (Group E: 59 TC & 7 FC/iO'O mi, Group D: 
1029 TC, 25 FC <5c 22 FS/ID'O' ml) once more had the highest bacterial densities with 
elevated bacterial levels apparent to a lesser degree around Grand Bend. 

The April 1975 survey (Fig. 17) demionstrated much the sanne water 
quality patterns as the previous surveys. The areas with highest bacterial 
concentrations were again the m^outh of the Saugeen River (Stn. 15=00'5: 6^8 TC, 28 
FC & 25 FS/TOO' ml) and Goderich Harbour (Group D: 272 TC, 28 FC & 26 FS/10'0' 
mi), and these were also the only areas in which P. aer, was isolated (Stn. 17-0^01: 
S/100 mi and Stn. 15-005j 9/10'0 ml). 

Heterotrophic bacterial densities iollowed the sam;e pattern as in May 
197% but the densities were higher. 

Sanitary Indicator Baceriai levels in the vicinity of the Douglas Point 
Nuclear Generating Station, were at background ieveis (5)^ however, sulphur 
oxidizer levels were found to be in the thousands and tens of thousands per 100 md 
both in 197^ and 1975 (6). This compares to lOO's or lO's per 100 ml in areas of the 
nearshore removed from this vicitiy. H^S in some of the effluent from the 
generating station entering the aerobic waters of the lake may be responsible for 
this situation. 
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FIGURE 16 - OCTOBER 1974 LAKE HURON NEARSHORE SURVEY 
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SUMMARY AND CONCLUSIONS 

Most of the Ontario nearshore area of the North Channel, Georgian 
Bay and Lake Huron is of good water quality, however, exceptions are found in 
localized areas adjacent to population centres especially in certain harbours and 
embayments receiving urban drainage, insufficiently treated municipal wastes 
and/or industrial wastes. 

The studies presented in this report did indicate areas with problems 
or developing problems, however, they were insufficient to establish the areas of 
impact and influence of the various sources of pollution. If this is to be done, 
particularly if abatement programs are to be initiated, then more efficient and 
effective survey designs, such as the zonal grid sampling approach (7), should be 
utilized in these areas. In conjunction with such studies, an intelligent choice of 
parameters relating to the problems being studied must be made, for example, 
Pseudomonas aeruginosa and Fecal Coliforms are of value as point source 
indicators of inadequately treated fecal wastes, and sulphur cycle bacteria are 
useful in the study of certain industrial wastes such as pulp and paper mill 
effluents. 

It is also evident from these studies that most of the nearshore 

waters, including a number of the areas affected by various forms of pollution, 

have bacterial densities below current M.O.E. and 1.3. C. criteria. Thus, if the 

water quality of this area is to be preserved^ more restrictive criteria must be 

applied. 

Clean water areas and degraded areas with bacterial concentrations 

below current criteria should have criteria based on current bacterial levels. In the 

first case to preserve the excellent water quality already existing and in the second 

case to prevent further degradation until appropriate measures can be taken. 

Those areas where bacterial levels are currently high and approach or 

exceed current criteria should receive priority in any abatement programs. 
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APPENDIX I 

Foot and Taylor Agar (M,odif ied) 

Peptone 3,.0i g 

K^HPO^ 0.2 g 

MgS02^ 0'..05g 

FeCk trace 

Soluble Casein 0.5 g 

Agar 20 g 

DH^O' 100^0 ml 

pH 7.2 Autoclave 15 rn,ln/15 psi 
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ABSTRACT 

Bacteriological surveys o^f Lake Huron in the vicinity of the 
Huron an,d Douglas PQlii,t nucleax generating stations were 
cO'Dducted in 1973,, 1974 and 1975 to monitor water quality 
and assess the effect of the heavy water plant effluent on 
the Douglas Point area O'f the lake. The results showed that, 
at the time of the survey, levels of sanitary indicator 
bacteria were well within the acceptable limits. Howevex, 
the distributiO'n of sulphur oxidizers would indicate that the 
Douglas Point generating station effluent could be a source 
of reduced sulphur compounds. 
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A Bnacteriologioal Study of the Do'oglas Point Area 

of Lake Huron 

IntroductiQin 

Monitoring surveys of water quality in the vicinity 
of the HurO'n and Douglas Point generating statio'ns compleK have 
been cO'n,ducted by the Ontario Ministry of th,e E;nviro,niient CMOE| 
since 19'67 tO' detemiine the envirO'.mnental impact O'f the 
operation of the Douglas Point Generating Stations and the 
Br''uce He,avy Water Plant and to provide background information priO'r 
to ■the start up O'f the B.ruce Generating Station and planned 
additional generating facilities. 

In addition to this mo^nitoring^ a more intensive study 
O'f the area was carried out in 1974 to assess the effect o^f the 
existing, heavy water plant ( thermal) discharge at the .Douglas 
Point area of Lake' Huron. 

Bacteriological studies were incorporated into the 
ongoing monitoring programme in 1973, This report discusses the 
results of the 1973^ 1974 and 1975 bacteriological surveys,,, 

Methods 

1 , Field Procedure 

Nine stations^ (113-117,, 121,, 122, 123^ 364) were 
sampled on July 6, 7 a,nd 9, 1973 and again on August 28 ,. 29 
and 31, 1973. 

On May 17, 18 and 19, 1974,, samples from the s,am,e nine 

statiO'ns plus station 125 were analyzed. Periodic samples 
we,re taken at eight stations C7^ 18, 1,2, 16, 17, 18, 20' and 1 

mile) in the same area on June 28, August 1, October 1 .and. 
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October 24^ 1974. (Fig. 1) • 

Tto 1975 surveys combined much of the previous two 
years* sampling. On April 21, 28 and 29, samples from 
the nine stations in the 1973 surveys were collected and five 
new stations (368-373) were added* On May 16 and June 26, 
sampling was Garried out at the eight stations from the 
periodic sampling in 1974* Surface cuid depth samples were 
collected at each station. Surface samples were taken at 1*5 
metres below the surface of the lake in sterile 175 ml glass 
bottlas* All depth samples were collected two metres above 
bottom in sterile, evacuated rubber bulbs. All samples ware 
immediately put on ice and transported to the southwestern 
regional M.O.E, laboratory in London for analysis, 

2, Laboratory Procedures 

All samples were analyzed from three types of 
sanitary indicator bacteria Total coliform (TC) , fecal coliform 
(FCl and fecal streptococcus (PS) to determine if any fecal 
contamination existed* In additon, for the May 1974 and the 
April and May 1975 surveys a determination of the heterotrophic 
bacterial population (HB) was made, Pseudomona s aeruginosa 
(P,aer, ) was used as a survey parameter for the April 1975 survey. 

Analysis for the sulphur oxidizing (autotrophic) bacteria 
T, thioparu3 was included in the periodic surveys in 1974 
(June through October) and in all th® 1975 surveys, 

A description of the methods used to determine TC, FC, 
FS, P . aer , and HB levels may be found in the Penetang-Waubaushene 
1974 report (1) , 
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The autotrophic bacterial analysis was instituted to^ 
deterinine the levels of sulphur-oxidizing bacteria |, primarily 
Thiobacillus thioparus .,, These bacteria are generally found in. 
greater n/umbers in water containing reduced sulphur compounds 
from industrial effluents. Analysis was^ done using a three- 
dilution ^ triplicate tube, most probable number CMPN) technique 
acco^rding to Standard Methods C14th edition) (2) , The Tnedium 
uoed v/as a riodified PO'Stgate's Thioparus broth (.see Appendix A) 
(3) . Incubation was for four weeks at 20'® C and counts were 
recorded as number of organism,s per lO'O ml. During the 1974 surveys,^ 
a positive reactio^n was determined by the addition O'f barium chloride 
solution to the tube and observation O'f a white (barium sulphate) 
precipitate. In 1975, a po'Sitive reaction was determined by a 
starch- iodine titration of the thiosulphate (4), 
3s Statistical Analysis Methods 

The statistical methods used to^ analyze the TC , PC, 
FSf P, aer.. and HB data were the same as those outlined in the 
Penetang-Waubaushene 1974 report (1) • 

The amount O'f data available for T^ thioparus in 197 4 
and 197 5 was insufficient for statistical analysis . Therefore, 
the data was pooled according to date and geO'graphical location. 
Four time periods were established by grouping the one day 
surveys in pairs (June 28 & August 1^ 1974 „ October 4 & 
October 23, 1974 and May 16 & June 26, 1975) and letting the 
three day survey (April 1975) form the fourth grO'Up. For each 
time period^ the stations were placed in, gro^ups that formed 
concentric circles with increasing distance from the Douglas 
Point Generating Station outfall (Fig^ 3)«. The boundaries of 
the groups were arbitrarily chosen so that five areas were delineated,. 



5. 
each of which included stations from both the 1974 and 1975 

surveys. The geometric mean of each area was calculated for the 
fO'ur time periO'ds. A number of statioiis had bacterial concent rat iO'DS 
less than e,xpected and n,0' reliable cO'Unts were obtained which 
further reduced the amount of data available. 

Criteria 

The Ministry O'f the Environment Bacterial Criteria 
and/or conments about TC^ PC^ FS, P», aer,. and heterotrophic 
bacteria may be found in the Penetanq-Waubaushene 1974 report (1| , 

High numbers of T* thioparus indicates the presence o^f 
reduced sulphur compounds in water. However, since this 
bacterium, is not an established parameter,^ criteria defining 
acceptable levels have not been established. 

Results and Discus si on. 

The Douglas Point area of Lake Huron displayed goo'd water 

quality during the 1973 surveys* Statistical analysis of the 

data showed a significant difference in the total coliform levels 
between July and August although the actual concentrations did 
not increase appreciably (froTO 3 TC/lOO ml in July to 8 TC/lOO ml 
in August) • The fecal Golifoirm and fecal streptococcus densities, 
showed nO' significant va.riation betwee.n the July and August, surveys 
Cgeometric mean density of 1/100 m.l for both parameters) , 

The water quality in May 1974 remained good having TC, .FC 
and FS densitie.s of 1/100' ml and an heterotrophic bacterial 
concent.ration of 430/ml (Fig. 2). These counts were not significantly 
different from the Lake Huron near sh.Q'.re bacteri.al levels determined 
during the same period(5).» 
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FIG. 2 BACTERIAL LEVELS AT DOUGLAS POINT 1973,1974,1975 
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In Aprils May and June of 1975, the TC, FC^ FS and 
P.aex'. le¥els were 1/100' ml o^r less and the HB. rose frora 

fies/ral in April to 200 0/ml in May* These results indicate 
that there was no fecal pollutio.,n and probably no nutrient 
enrichment at the time* 

Calculations of the means o^f the pooled data showed that the 
level of T^ thioparus appeared to fo'llow two general trends. 
The ovexall level of the baoteria in the survey area increased 
during the June and August surveys in 1974, Levels had decreased 
by Octoer of 1974 and in. April of 1975 the population density was 
the lowest determined. The surveys during the summer O'f 19 75 
indicated that^ although the concentration of T. thioparu s had 
increased since the spring survey, the level was not as high as 
the previous suramar. This pattern was similar for the available 
heterotrophic bacterial data and was most likely due to warmer 
water temperatures causing generally increased biological activity 
when nutrients were available,, The secO'nd trend exhibited was 
a tendency fo^r the densities of T. thioparus to decrease as 
distance from the source increased* CO'Unts o^f O'ver 20,000 per 100 ml 
were obtained in the immediate vicinity of the Do^uglas Point 
Generating Statio^n o^utfall in the summer O'f 1974, The statio^ns 
furthest from the point source had a mean, of less than BOOO per 
100 ml during the same period. In. the 197.5 su.rveys,, the same 
dilution effect was noticeable, 

T.here were occasions when unusually high values were determined 
away from, the source, hoiwever, these were probably not accur.a.te 
reflections o^f the water quality. They generally occured when 
little data was available for the area and therefo^re, a single 
hig.h count had a greater effect on the computations. 



The actual n'umber O'f T^ thioparus were lower in 1975 

than 1974 (Fig. 3) but were still much higher than other 
nearshore locations not in the survey area. The hiqh concen- 
trations of T. thiQparu.s in the vicinity of Douglas Point would 
indicate that the eflluent from the generating stations contains 
a higher level O'f reduced sulphur compounds (possibly H S) 

2 

than the receiving water and other parte of the lake. 

Summary and Concl usiO'ns 

'The water quality in the area of Douglas Point is generally 
good* The generating stations and the heavy water plant do not 
appear to be exerting an appreciable impact on the levels of 
sanitary indicator bacteria,. However,^ the distribution of 
T^ thioparus would indicate that the effluent from the Douglas 
Point generating statiO'n co'uld be a source of reduced sulphur 
compounds,. Continued ,study of thi,s area, particularly of the 
Sulphur cycle bacteria, would be of value in order to provide a 
more extensive data base. This would facilitate a more 
representative interpretation of the bacterial levels. In 
addition, criteria for acceptable levels of industry-related 
bacteria might be est,ablished to prevent degradation of the water 
quality- 
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FIG, 3 DISTRIBUTION OF T. THIOPARUS AT DOUGLAS POINT, 1974 
B 1975. 
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APPENDIX 



Media Formulations 



C 1 J Poatgate's Medi iiin 



(Thioparus Broth) 



Ingredients 



Sodium Thiosulphate (Na S . 5H 0) 

2 2 J 2 



Ammoniuii Chloride (NH Cl) 
Potassium. Phosphate (KH PO | 
Calcium Chloride CCaCl , 2H 0| 

2 2 

Magnesium Sulphate (MgSO . 7H 0) 

h 

Trace Element Solution 
Distilled Water 



Amoynt/litre 
5.0 g 

1,0 g 

3.0 g 
0.33 g 
1*0 g 
1.0 ml 
1000 ml 



C2) Trace Element Solution 



Solution 1 


EDTA Cdisoc 


dH 

2, 


Solution 2 



Ferrous sulphate (Fe S0,_. 7H.0) 
2, i ne su 1 pha te ( Z nSO _ ,. 7 H _ o ) 
Manganese chloride CMnCl2.4H 0} 
dH 

2 



Solution 3 



6 


.19 


g 


1 


60 1 


ml 





.50 


g 


0, 


.88 


g 


0. 


.14 


g 




10 


ml 



Ammonium, Moaybdate (NH ) MO' . 4H 0.09 q 

4 6 7 2 <+ 2 



Cupric sulphate {CuSOJ 
Cobalt chloride {C0CI2.6H2O) 



0.10 q 
0.04 g 

10 ml 
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Fig 3 



Concentrations of Total Coliforms k — ), Fecal Coliforms ( — ■) . and Fecal Streptococci ( — ) during 
the June 1974 Survey of the North Channel Nearshore, 
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Fig 4 



Concentrations of Heterotrophic Bacteria during the June 197^ Survey of the North Channe 
Nearshore 
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Fig 5 



Relative Station Location 

Concentrations of Total Coliforms f— ^ , Fecal Coliforms (— — ) 
the July 197^ survey of the North Channel Nearshore 
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Fig 6 
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Relative Station Location 

Concentrations of Heterotrophic Bacteria during the July 197^ survey of the North Channel 
Nearshore 
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Relative Station Location 
Concentrations of Total Coliforms f— ^ , Fecal Coliforms HH and Fecal Streptococci 
during the November 197^ Survey of the North Channel Nearshore 
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Fig 8 : Concentrations of Total Co) i forms ( ) , Fecal CoUforms (« 

during the June 197^ Survey of the Georgian Bay Nearshore 
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Fig 9 



Concent rat ions of Heterotrophic Bacteria during the June 197^ Survey of the Georgian 
Bay iNearshore 
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Concentrations of To'tal ColifO'Tms f~-4 » Fecal Col I forms (—4' and Fecal Streptococci 
during the August 197^ Survey of tlie Georgian Bay Nearshore 
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Concentrations of Tota 
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During the November 197^ Survey of the Georgian Bay Nearshore 
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Relative Station Location 

Co'H cent rat ions of To'tal Colifo'rms f— ^ , Fecal Col I forms 
during the iMay 1974 Survey of the Lake HurO'n Nearshore 
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Flgl^ Concentrations of Heterotrophic Bacteria during the May 197^ Survey of the Lake Huron Nearshore 
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Fig 14 Concemt rat i onis of Total Coiiforni'S {— ^ , Fecal Col' i forms 'HH' , and Fecal Streptoco'cci f— ^ during 
the O'ctO'ber 197^ survey of the Lake Huron Nearshore, 
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Fig 15 Concenitratio'ns of Total Col I forms (— ) ,. Fecal Col I forms f— ) , and Feca' 
(— ^) during the April 1975 Lake Huron Near shore survey. 
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Concentration of Heterotrophic Bacteria during the April 1975 Survey of the Lake Huron 
Nearshore 
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